Abstract: Does subtraction scintigraphy improve the diagnostic utility of scintigraphic evaluation in acute lower gastrointestinal hemorrhage (LGIH)?Methods: This research was a retrospective clinical study using a repeat-measures design of randomized control and experimental groups. A single patient data set provided both the control group (conventional scintigraphy) and the experimental group (conventional and subtraction techniques). 49 raw 99mTc red blood cell studies were randomized and interpreted by four independent physicians as conventional scintigraphy data only (round one). The conventional scintigraphy studies were combined with subtraction images and randomized for re-interpretation (round two).Results: While there was a decrease in the mean, no statistically significant difference was noted between the mean time to bleed detection between interpretive round one and two (P = 0.524). The additional of subtraction scintigraphy to the interpretation process changed the outcome from 'probably present' to 'absent' for 14% of patients and from 'equivocal' to 'absent' in another 12% which had a marked effect on the false positive rate. The false positive rate decreased from 9.6% in round one to 3.6% in round two. ROC analysis showed that combining conventional scintigraphy with subtraction scintigraphy improves test performance.Conclusion: False positive studies can be reduced by utilizing subtraction scintigraphy in conjunction with conventional scintigraphy in the interpretive process. Tc red blood cell studies were randomized and interpreted by four independent physicians as conventional scintigraphy data only (round one). The conventional scintigraphy studies were combined with subtraction images and randomized for re-interpretation (round two).
INTRODUCTION
Subtraction scintigraphy has been utilized in Nuclear Medicine to improve image contrast in 99m Tc RBC scintigraphic evaluation of acute LGIH (1, 2) .
Recent phantom experimentation by these authors evaluated the comparative performance of a variety of subtraction techniques in LGIH (3) . Under ideal conditions in a phantom, reference subtraction scintigraphy (RSS), where the first frame acquired is used to represent a background image and is subsequently subtracted from each individual image (3) , was shown to be superior to other subtraction techniques, comparable to conventional scintigraphy (CS) in uniform background areas and superior to CS where a bleed was superimposed on a small vascular structure. Alternate sequential subtraction scintigraphy (ASSS) performed better than sequential subtraction scintigaphy (SSS) reported previously (4) (5) (6) . While the phantom experimentation provided evidence of a role for both RSS and ASSS as an adjunct to CS in the evaluation of acute LGIH, an evaluation of the diagnostic efficacy of these subtraction techniques in a clinical population was warranted.
The Research Question
Does RSS and/or ASSS provide earlier detection, more accurate localization, improved diagnostic utility and improved clinician confidence over conventional scintigraphic imaging alone in acute LGIH?
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MATERIALS AND METHODS
Study Design
This investigation was a retrospective clinical study using a repeat-measures design of randomized control and experimental groups. This design allowed evaluation of the response variables by manipulating the explanatory variables within each patient data set and, thus, a single patient data set provided both the control group (CS) and the experimental group (CS, RSS and ASSS). The major disadvantage associated with this design comes in the observer interpretation where the order and/or sequence of observations may confound the results. Consequently, all data sets for interpretation were randomized prior to observer interpretation.
This investigation was approved by the Charles Sturt University Ethics in
Human Research Committee.
Data Acquisition
A total of 46 patients were included in the sample, four of whom had undergone two separate LGIH scintigraphy procedures for a total of 50 studies. One patient study was excluded due to data corruption to leave 49 cases. All data was acquired on a Philips Prism gamma camera using an Odyssey computer (Philips Medical Systems, Cleveland). Acquisition parameters for all data sets included a 128x128 matrix and a 60 seconds per frame continuous dynamic acquisition. While the standard protocol was to acquire data until 60 minutes post intravenous administration of the 99m Tc RBCs, an early detection of a bleed site may have justified earlier termination of data acquisition for some patients.
Early termination of the acquisition (prior to 60 minutes) occurred in 55.1%
(27/49) of studies. The mean total acquisition time was 49.1 minutes (95% CI: 45.5 to 52.6 minutes) with a range of 26 to 60 minutes. A rapid 3 second angiographic phase dynamic preceded the 60 second dynamic in 87.8% (43/49) of studies. Studies were generally performed using an in vitro 99m Tc RBC label using a commercially available kit preparation, however, the retrospective and 4 de-identified data without accompanying history and reports made confirmation of the labeling procedure for individual patients impossible. The modified in vitro method (in vivtro) would be the alternative method of choice.
Data Processing
The 49 original raw patient data sets were displayed conventionally without subtraction (CS), using RSS and using ASSS. Subtraction techniques have been previously described in phantom analysis (3) . Studies were randomized and interpreted as CS data only in the first instance by four independent physicians.
The CS, RSS and ASSS studies were subsequently combined and randomized for re-interpretation. While studies were randomized within each of the two pools of data outlined above, CS studies were reported prior to the combined CS and subtraction data to remove possible bias. The nature of the study and the interpretation process may allow remembered subtraction information to aid the interpretation of CS only studies if the order were reversed and where interpretation dilemmas presented a unique trigger to that memory.
For each set of the initial CS patient files, interpreting physicians were required to report the presence or absence of a bleed, frame number the bleed was first identified, the site of bleeding, the confidence with which detection is made and the confidence with which the location had been determined. The presence or absence of a bleed was reported using the following five point rating scale in order to facilitate receiver operator characteristic (ROC) analysis; 'definitely present', 'probably present', 'equivocal', 'probably absent' or 'definitely absent'. The bleed site was localized using the following 10 segments; upper GIT, small bowel, cecum, ascending colon, hepatic flexure, transverse colon, splenic flexure, descending colon, sigmoid colon, rectum. The confidence with which the interpreter felt their localization was sufficiently accurate to guide intervention was requested on an open scale from 100% to 0%. In addition to the data reported by interpreting physicians for the lone CS studies, the combined CS, RSS and ASSS data required a rating of the relative importance 5 or contribution of each processing method (CS, RSS and ASSS) to the detection, the localization and the interpretation confidence. All three parameters required a 100% contribution to be divided as appropriate for each of the three techniques.
Statistical Analysis
The statistical significance was calculated using Chi-Square analysis for nominal data and Student's t test for continuous data. Chi-Square analysis and inter-observer reliability measured using Cohen's Kappa coefficient. The matched pairs t test was used to assess agreement between pairs.
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RESULTS
The mean age of the study population was 68.9 years (95% CI 64.0 to 73. 
Inter-Observer Agreement
A statistically significant variation in the confidence of diagnosis (definitely present, probably present, equivocal, probably absent or definitely absent) was noted between observers in interpretive round one and two (each P < 0.001) ( Table 1) . A statistically significant variation was noted between observers for diagnostic outcome (true positive, false positive, false negative or true negative) (P = 0.016) ( Table 2) . as 'probably absent'. A statistically significant variation was noted between interpretive rounds one and two (P < 0.001) ( Table 3 ).
Detection Confidence
Time to Detection
While there was a decrease in the mean time to bleed detection between interpretive round one (6.0 min with 95% CI of 4.4 to 7.6 min) and two (5.5
min with 95% CI of 3.7 to 7.3 min), no statistically significant difference was noted between the means (P = 0.524). This was supported by the overlap in 95% CIs and the matched pairs t test (P = 0.190).
Localization Confidence
While there was an increase in the mean observer confidence in localization being able to accurately guide intervention between interpretive round one (72.1% with 95% CI of 64.1 to 80.1%) and two (75.2 with 95% CI of 66.7 to 83.7%), no statistically significant difference was noted between the means (P = 0.440). This was supported by the overlap in 95% CIs. The matched pairs t test, however, indicated a statistically significant difference between matched pairs (P = 0.029). This discordance is possibly explained by the removal of 10 false positive findings from the analysis (i.e. no matched pair in round two). As a result, the mean observer confidence increased to 74.1% and 79.5% for interpretive rounds one and two respectively resulting in a mean improvement in confidence with localization accuracy in round two of 5.3%. The significance of this observation is further supported by the 95% CI of the mean difference (0.6 to 10.1%) not including zero.
Contribution to Detection
Statistically significant differences were noted between the mean contribution of each processing method (CS, RSS and ASSS) to bleed detection (all P < 0.001) ( Table 4) . RSS demonstrated a statistically significant decrease in the mean contribution to bleed detection for detection confidence of 'definitely absent' (1.5%) by comparison to both 'definitely present' (9.5%; P < 0.001)
and 'probably present' (8.3%; P = 0.011). Conversely, ASSS demonstrated a statistically significant increase in the mean contribution to bleed detection for detection confidence of 'definitely absent' (14.3%) by comparison to both 'definitely present' (4.0%; P < 0.012) and 'probably present' (2.8%; P = 0.045).
RSS demonstrated a statistically significant increase in the mean contribution to bleed detection of true positive studies (11.1%) by comparison to both false positive (2.9%; P = 0.010) and true negative (1.7%; P < 0.001). A statistically significant difference was noted for the mean contribution of RSS to bleed detection between true positive (11.1%) and false negative findings (0%; P = 0.042). ASSS demonstrated a statistically significant increase in the mean contribution to bleed detection of true negative studies (14.5%) by comparison to both false positive (1.4%; P = 0.042) and true positive (4.6%; P = 0.010).
Contribution to Localization
Statistically significant differences were noted between the mean contribution of each processing method (CS, RSS and ASSS) to bleed localization (Table 5) .
No statistically significant relationships were determined for the contribution of CS, RSS or ASSS to bleed localization with respect to bleed confidence or diagnostic outcome.
Contribution to Interpretive Confidence
Statistically significant differences were noted between the mean contribution of each processing method (CS, RSS and ASSS) to interpretive confidence (all P < 0.001) ( Table 6 ). CS demonstrated a statistically significant decrease in the mean contribution to interpretive confidence for detection confidence of 'probably absent' (75.2%) by comparison to both 'definitely present' (87.9%; P = 0.015) and 'definitely absent' (84.8%; P = 0.015). RSS demonstrated a statistically significant decrease in the mean contribution for detection confidence of 'definitely absent' (2.6%) by comparison to both 'definitely present' (9.8%; P < 0.001), 'probably present' (10.0%; P < 0.001) and 'probably absent' (9.0%; P < 0.001).
Conversely, ASSS demonstrated a statistically significant increase in the mean contribution to interpretive confidence for detection confidence of 'definitely absent' and 'probably absent'; accounting for deficiencies highlighted in RSS and CS respectively. A statistically significant increase was noted between 'definitely absent' (12.7%) by comparison to both 'definitely present' (2.4%; P = 0.005) and 'probably present' (3.0%; P = 0.050). A statistically significant increase was also noted between 'probably absent' (15.8%) by comparison to both 'definitely present' (2.4%; P = 0.003) and 'probably present' (3.0%; P = 0.026).
RSS demonstrated a statistically significant increase in the mean contribution to interpretive confidence for diagnostic outcome of true positive studies (12.2%) by comparison to true negative (3.9%; P < 0.001), false positives (1.4%; P = 0.002) and false negatives (0.0%; P = 0.039). ASSS demonstrated a statistically significant increase in the mean contribution to interpretive confidence for true negative studies (13.5%) by comparison to true positive (3.2%; P = 0.002) and false positives (1.4%; P = 0.043).
ROC Analysis
Combining CS, RSS and ASSS improves test performance from 0.933 to 0.936 although there was only a subtle difference in the overall area under the curve in favor of the combined CS, RSS and ASSS technique. In the combined data, the accuracy of CS alone was 89.8% while the accuracy of the combined 10 methods was 95.4% (P = 0.017). ROC analysis was also performed for scan evidence for each individual display method (Table 7) . While RSS demonstrated less false positive studies than CS, each false positive in RSS corresponded to greater certainty which reduced the area under the ROC curve.
DISCUSSION
The variable inter-observer agreement was not thought to be a threat to the statistical power of this investigation. In fact, the implications strengthen the external validity of the results. The lack of inter-observer agreement reflects the lack of consistency in interpretive confidence and capability of physicians as a product of both expertise and the variable frequency with which the procedure is performed. This assertion is further supported by the Australian industry survey which indicated that less than 40% of departments employ procedures consistent with the minimum recommendations of the professional body (7). Subtraction scintigraphy interpreted in conjunction with CS had a significant impact on diagnostic outcomes and detection confidence. Specifically, the addition of subtraction scintigraphy to the interpretation process changed the outcome from 'probably present' to 'absent' for 14% of patients and from 'equivocal' to 'absent' in another 12% which had a marked effect on the false positive rate (Fig. 1 ). Not only is this an important finding from the perspective of reduced false positive findings (unnecessary angiograms) but it may also allow more accurate guidance of surgical intervention.
While there was a decrease in the mean, no statistically significant difference was noted between the mean time to bleed detection between interpretive round one and two (P = 0.524). The lack of improved time to detection in interpretive round two might represent a limitation of the subtraction techniques used. The mean time to detection is very low indicating that studies in this population tended to be positive early. Consequently, the first subtraction frame may changes occurring between the reference frame and later acquisition frames.
More significantly, ASSS resulted in no evidence to suggest a study might be falsely positive (0/43).
For true positive findings, subtraction scintigraphy offered little in terms of improving detection (Fig. 2) . Tc RBC scintigraphy should be performed to provide a protracted period of imaging. Both RSS and ASSS can be used to improve the target to background ratio to improve diagnostic efficacy. ASSS provides a superior interpretive tool in the clinical environment. 
TABLES
FIGURES Figure 1:
This study has an accumulation of activity that was identified as a bleed by three of the observers on CS (top); one as a small bowel origin, one as ascending colon and one as caecum. ASSS (bottom) demonstrates that the activity remains constant over time (indicated by the absence of activity), neither increasing in intensity (no additional bleeding) nor moving within the bowel. The activity most likely represents a vessel consistent with the prominent superficial vasculature.
Figure 2:
This study has an accumulation of activity superimposed on blood vessels in early images on CS (top). This finding may be viewed as a normal variant or tortuosity. ASSS (bottom) provides clear demonstration of the presence and location of the bleed site.
